Graves disease is complex autoimmune thyrotoxicosis. A number of genes may contribute to the development of the disorder. Some of them may be genes that encode cytotoxic T-lymphocyte-associated serine esterase-4 (CTLA4), subunit 2 of large multifunctional protease (LMP2), thyroid-stimulating hormone receptor (TSHR), and interleukin 1 receptor antagonist (IL1RN). We studied polymorphism of Ala17Thr CTLA4, H60R LMP2, Pro52Thr TSHR, and IL1RN-VNTR in healthy controls (n ‫؍‬ 93) and patients with Graves disease (n ‫؍‬ 78) using PCR. To study CTLA4, H60R, and TSHR polymorphism, PCR products were digested with MboI, Hin6I and PsyI, respectively. Comparative analysis using 2 test showed significant differences in allele and genotype frequency of Ala17Thr polymorphic marker between the two groups studied. Thus, the CTLA4 gene may be involved in the pathogenesis of Graves disease in a Moscow population.
Graves disease is autoimmune thyroid syndrome. A number of genes are known to be involved in the development of this disorder. One of them, encoding for cytotoxic T-lymphocyte-associated serine esterase-4 (CTLA4), is a common marker of many autoimmune disorders such as insulin-dependent diabetes mellitus (IDDM), Graves disease, rheumatoid arthritis, and others (1, 2) . A-to-G substitution at nucleotide 49 of the CTLA4 gene exon 1 results in an amino acid exchange (Thr/Ala) at codon 17 in the leader peptide of the expressed protein (3) . Alanine at codon 17 of CTLA4 is shown to be associated with genetic susceptibility to Graves disease as well as to IDDM (2) .
The LMP2 gene encodes one of the subunits of multifunctional proteasome that generates peptides from cytosolic proteins for transport into the endoplasmic reticulum where they associate with major histocompatibility complex (MHC) class I molecules. The gene is located in the MHC class II region (4) . Histidine-to-arginine (H60R) dimorphism was identified at position 60, and the R allele was shown to be associated with high risk of Graves disease (5) . The R allele is observed to be in linkage disequilibrium with associated HLA DRB1*0304-DQB1*02-DQA1*0501 haplotype, also a strong risk marker of Graves disease (5) .
Molecules of thyroid-stimulating hormone receptor (TSHR) on a surface of thyrocytes are shown to be a major target for autoantibodies in patients with Graves disease. However, evidence of a connection between the TSHR locus (14q31) and susceptibility to the disease are controversial (6,7) as are results of association studies of Pro52Thr polymorphism at the gene (8, 9) .
Development of autoimmune thyrotoxicosis is often accompanied by inflammatory events that are directed by interleukin 1 (IL1) and other cytokines. The IL1RN gene encodes an antagonist protein that 1 To whom correspondence should be addressed binds to IL1 receptors and inhibits the binding of IL1-␣ and IL1-␤. A variable number of tandem repeats (VNTR) is located at intron 2 and consists of five alleles (10) . One of them containing two 86-bp tandem repeats is shown to be related to the pathogenesis of a number of inflammatory and autoimmune disease (11) (12) (13) (14) .
Thus, all four genes may be considered as candidates in Graves disease. In this article we evaluate polymorphic markers at the genes for association with the disorder in a Moscow population.
MATERIALS AND METHODS

Patients
We studied 78 patients with Graves disease (M/F ratio 14/64, age 39.3 Ϯ 11.6 years, duration of the disease 4.1 Ϯ 2.8 years) and 93 healthy controls (M/F ratio 30/63, age 36.5 Ϯ 12.5 years). Control subjects have no autoimmune, cardiovascular, or other disorders.
DNA Analysis
DNA was extracted from whole human blood with phenol and chloroform (15) . Polymorphic regions were amplified by polymerase chain reaction (PCR) in 50 l of the reaction mixture containing 100 ng of genomic DNA, 5 pmol of each primer, 0.2 mM of each dNTP, 2.5 units of Taq polymerase (Biotekh, Russia), and buffer. To amplify polymorphic DNA fragments of CTLA4, LMP2, and TSHR genes, we used PCR buffer consisting of 10 mM Tris-HCl (pH 8.8), 50 mM potassium chloride, 1.5 mM magnesium chloride, and 10% dimethyl sulfoxide, and primers whose sequence is described by Marron et al. (17), respectively. For ILR1N-VNTR, PCR primers described by Tarlow et al. (10) and buffer containing 67 mM Tris-HCl (pH 8.8), 16.7 mM ammonium chloride, 1.0 mM magnesium chloride, and 0.1% twin 20, were added into the reaction mixture. PCR was run in a PHC-2 thermal cycler (Techne, UK) and included 35 cycles of denaturation for 1 min at 94°C, annealing for 1 min at 55°C (IL1RN), 60°C (CTLA4 and LMP2), or 65°C (TSHR), and extension for 1 min at 72°C.
Amplified fragments of CTLA4, LMP2, and TSHR were digested with MboI, Hin6I, and PsyI (all enzymes from Fermentas, Lithuania), respectively. DNA products after PCR amplification and digestion were separated in 2% agarose gel and visualized by ethidium bromide staining.
Statistical Analysis
Genotype frequencies were checked for deviation from the Hardy-Weinberg equilibrium by the 2 and G-statistic tests, using the Rows and Columns program based on the Roff and Bentzen algorithm (18) . Genotype and allele frequencies in the groups studied were compared by 2 analysis. A difference was considered significant at P Ͻ 0.05. The relative risk (RR) was determined as described by Thomson (19) .
RESULTS
Ala17Thr Polymorphism of the CTLA4 Gene
Frequency of both alleles was found to be approximately equal in healthy donors (Table 1) . Ala/Thr heterozygotes (41%) were the most common. Among genotypes the observed genotype frequencies obeyed the Hardy-Weinberg equilibrium ( 2 ϭ 1.3954 and G-statistic ϭ 1.3974, P ϭ 0.5490 Ϯ 0.0157).
In affected patients a 2.2-fold decrease in the frequency of the Thr allele was found whereas a portion of the Ala allele was increased in comparison with healthy controls (Table 1) . A 2.0-fold increase in the frequency of the Ala/Ala genotype happened in subjects with Graves disease also. At the same time two other genotypes were decreased in the patients. Changes in allele and genotype frequency were highly significant.
Ala17Thr polymorphism of the CTLA4 gene is strongly associated with Graves disease in a Moscow 
H60R Polymorphism of the LMP2 Gene
The H allele and the HH genotype were the most common in the controls (Table 2 ). Observed heterozygosity was 34.4%. The observed genotype frequencies were in concordance with the Hardy-Weinberg equilibrium ( 2 ϭ 0.1607 and G-statistic ϭ 0.1609, P ϭ 0.9370 Ϯ 0.0077).
No significant difference in allele and genotype frequency of H60R marker was detected between the affected patients and the healthy controls (Table 2) . Thus, the H60R mutation at the LMP2 gene is not related to Graves disease.
Pro52Thr Polymorphism of the TSHR Gene
In the controls the Pro allele was three times more frequent than the Thr allele. Pro/Pro homozygotes occured 8.6 times more frequently than the Thr/Thr genotype ( Table 3 ). The observed heterozygosity was 37.6%. The observed genotype distribution completely obeyed the Hardy-Weinberg equilibrium (both 2 and G-statistic ϭ 0, P ϭ 1.0). No significant difference in allele and genotype distribution was found in the affected patients and the controls. Thus, Pro52Thr polymorphism of the TSHR gene is not associated with Graves disease in the Moscow population.
VNTR Polymorphism of the IL1RN Gene
Five alleles from 240 to 580 bp in length were found in the control subjects. The alleles were designated according to the number of tandem repeats. Two alleles, 2 and 4, were the most frequent (Table  4) . Among genotypes, heterozygotes 2/4 and homozygotes 4/4 were the most widespread. Heterozygosity was observed to equal 0.559. The observed genotype frequencies obeyed the Hardy-Weinberg equilibrium ( 2 ϭ 2.8208 and G-statistic ϭ 3.2251, P ϭ 0.9910 Ϯ 0.0030).
Allele frequencies of IL1RN-VNTR were not sig- nificantly different in the controls and the patients (Table 4) . This finding suggests no association of the VNTR with the disorder.
DISCUSSION
A positive association between the Ala17Thr dimorphism of the CTLA4 gene and Graves disease was shown in a number of populations (2,20 -22) except for the negative data of Djilali-Saiah et al. (23) . Moreover, the polymorphism was found to be linked to the disorder (21) . Besides the mutation at codon 17, another polymorpic marker, namely dinucleotide microsatellite at exon 3, was linked to Graves disease as well (22, 24, 25) . Our data suggest an important role of the CTLA4 gene in the pathogenesis of the disorder. CTLA4 and HLA (human leucocyte antigens) genes may be major susceptibility loci supporting first and foremost an autoimmune origin of Graves disease.
In spite of our data, one of the non-HLA genes, LMP2, that nevertheless is located in the HLA locus, may also be involved in the disorder. This evidence is supported by our data and results obtained by Heward et al. (5) who have shown a relation of both the R allele and the RH genotype of the LMP2 gene to increased risk of Graves disease. It is difficult to estimate an exact contribution of the gene to the suspectibility because of linkage disequilibrium with MHC class II genes (9) . Protein product of the LMP2 gene may be involved in processing of specific thyroid autoantigens followed by the induction of functional antibodies against them.
One such autoantigen may be the TSH receptor molecule. This was suggested by Shimojo et al. (26) who induced immune hyperthyroidism with the major humoral and histologic features of Graves disease in mice that were immunized with fibroblasts transfected with both the human TSHR and MHC class II molecule. Neighboring polymorphic markers together with microsatellite at intron 7 of the TSHR gene were shown to be linked to Graves disease (7, 25) . However, the mutation at codon 52 is likely to have no pathogenetic relevance in Graves disease that is suggested by our data and other studies (27, 28) . On the other hand, it cannot be excluded that another mutation or sequence polymorphism in the remainder of the TSHR extracellular domain might be an important autoimmune mechanism of Graves disease.
The association between VNTR in the IL1RN gene and the disorder is still questionable. Our results are not in agreement with the data of Blakemore et al. (13) showing the predisposing role of allele 2 in the development of Graves disease. However, studies in the United States (29) and Belgium (30) have not found any positive association yet. It is more likely that the IL1RN gene plays a minor role in the pathogenesis of autoimmune thyrotoxicosis because inflammation is not permanent in Graves disease.
